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whereas the glucose-induced part of respiration was amenable
to full inhibition by pentose phosphate pathway inhibitors 6-
aminonicotinamide (6-AN, 10 mM) and oxythiamine (OTA, 3 mM),
and by NADPH oxidase (NOX) inhibitor diphenyleneiodonium
chloride (DPI, 125 nM). Detection of diminishing mitochondrial
membrane potential (ΔΨm) by tetramethylrhodamine ethyl ester
(TMRE) assay paralleled respiratory experiments indicating that
UCP2-mediated uncoupling stands behind the observed phenomena.
These results are consistent with the presence of iPLA2γ in INS-1E
cells and support the hypothesis that the activation of mitochondrial
phospholipases by mild oxidative stress can provide free fatty acids as
cycling substrates for UCP2. Supported by GACR grants No. P303/11/
P320 (to J.J.) and P304/10/P204 (to A.D.).
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UCP3 in skeletal muscle mitochondria of hibernating ground
squirrels does not transport pyruvate in contrast to the feature of
UCP1 from brown adipose tissue
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Physiological role of UCP1 homologues still remains unclear.
Among the numerous suggestions concerning possible functions of
UCPs, hypothesis that UCP2 and UCP3, as carriers are involved in the
coupling between glucose oxidation and mitochondrial metabolism
has been recently proposed [1]. Export of pyruvate mediated by UCP2
and UCP3 could allow the cell to spare glucose and utilize fatty acids
as the major mitochondrial energetic substrate.
In the present studywe tried to investigate this hypothesis in the case
of UCP3. It is known that expression of UCP3 in the skeletal muscles
increases during the cold acclimatization, hibernation and starvation and
correlates with increased fatty acid oxidation. We previously found
increased UCP3 mRNA expression in skeletal muscle of hibernating
squirrels compared to skeletalmuscle of active squirrels [2].We proposed
that we would detect transport of pyruvate through UCP3 in the intact
mitochondria of skeletal muscle of ground squirrels (Spermophilus
undulatus) during the hibernation period.
Mitochondria of brown fat, where transport of pyruvate through
UCP1 was clearly registered, were taken as a control. Valinomycin-
induced swelling of non-respiring mitochondria in 55 mM potassium
pyruvate was inhibited with 1 mM GDP. The presence of 1 mM
α-cyano-4-hydroxycinnamate (α-CHC) eliminated the pyruvate
carrier - mediated ﬂux. In contrast, mitochondria of skeletal muscles
were not able to demonstrate pyruvate transport in the similar
conditions. At the same time, these mitochondria provided the
functioning of pyruvate carrier, what was detected by nigericin-
induced passive swelling in potassium pyruvate that was inhibited by
α-CHC, and phosphate carrier, registered as nigericin-induced passive
swelling in potassium phosphate.
Thus we could not reveal pyruvate transport through UCP3 in intact
mitochondria of skeletal muscles of hibernating ground squirrels.
Presented data as well as increasing literature data indicate the
divergence in functional activity between UCP1 and its homologues.
We believe further investigation of possible functions of UCP1 homo-
logues are required.
This work was partly supported by the Program ‘Integration of
Molecular Systems in Physiological Functions’ of the Russian Academy of
Sciences.
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Triidothyronine (T3) inﬂuences metabolic rate, heat production and
lipid metabolism, but themolecular determinants underlying its effects
are still under investigation.When T3was administered to hypothyroid
rats a strict correlation in terms of time course between induced
increases in UCP3 protein levels, mitochondrial uncoupling, and resting
metabolic rate (RMR) has been observed; thus suggesting that UCP3
could be a molecular determinant for regulation of the RMR by T3.
However, a debate exists about the function of UCP3, and new
data should be obtained in order to ultimately characterize the
involvement of UCP3 in the metabolic effects elicited by T3. The use of
mice lacking of UCP3 can help to clarify this aspect.
To this aim we used wild-type (WT) and UCP3-null (KO) mice
maintained at thermoneutrality (30 °C). We detected whole animals
RMR, Heat Production (HP) and Respiratory Quotient (RQ), as well as
proton conductance and fatty acid oxidation rate in isolated skeletal
muscle mitochondria. In addition, to evaluate the possible role of
UCP3 in T3-induced metabolic adaptations, we injected a single dose
of T3 (25 microgr/100 g bw) into both WT and KO hypothyroid mice
and we measured their RMR, HP and RQ.
KO mice showed signiﬁcantly lower RMR (−20%) and HP
(−23%), as well as an higher RQ (+5%) compared to WT, thus
suggesting the involvement of UCP3 in mice metabolism and in the
ability of the animal to use lipids as metabolic substrate. Results
obtained in the whole animal are accordance with that obtained in
isolated skeletal muscle mitochondria, as KO mice mitochondria
showed inhibited fatty acid-induced proton-conductance and fatty
acid oxidation rate compared to WT ones.
The administration of T3 into hypothyroid mice induced an
enhancement in their RMR and HP as well as a reduction in
RQ. However, differences between WT and KO mice were
observed in terms of time course and degree of the T3-induced
variations, that were more prolonged and higher in WT mice.
Indeed, 48 h following the administration of T3 i) the increases in
RMR were +17% and +10%, in WT and KO mice, respectively ii) the
enhancement in HP were +20% and +7% in WT and KO mice,
respectively and iii) a signiﬁcant decrease in RQ (−6%) was present
exclusively in WT mice.
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These results indicate that UCP3 inﬂuences whole animal metabolism
and, at the same time, it can be considered one of the molecular
determinant of the metabolic adaptations induced by T3.
doi:10.1016/j.bbabio.2012.06.122
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cardioplegia-induced ischemia in the human heart
E. López-Bernardo1, A. Anedda1, B. Acosta-Iborra1, C. Vaca1,
J. Salamanca2, J. Bustamante3, M.O. Landázuri1, S. Cadenas1,4
1Instituto de Investigación Sanitaria Princesa (IP), Hospital Universitario
de La Princesa (HUP), Servicio de Inmunología, Diego de León 62, 28006
Madrid, Spain
2HUP, Servicio de Cardiología
3HUP, Servicio de Cirugía Cardiaca
4Universidad Autónoma de Madrid (UAM), Facultad de Ciencias,
Departamento de Biología Molecular, Francisco Tomás y Valiente 7,
Ciudad Universitaria de Cantoblanco, 28049 Madrid, Spain
E-mail: susana.cadenas@uam.es
Uncoupling proteins (UCPs) comprise a subfamily of mitochondrial
inner membrane anion carriers that regulate the membrane proton
conductance [1]. Although their physiological function is still not
established, extensive evidence indicates that they protect against free
radical production and oxidative stress [1, 2]. In addition, hypoxia up-
regulates UCP3 in skeletal muscle [3] and both UCP2 and UCP3 might
confer cardiac ischemia tolerance [4]. Since reactive oxygen species (ROS)
also increase during hypoxia [5], the increase in UCP3 could represent a
mechanism aimed at decreasing oxidative damage in these conditions.
Our aim was to study the effect of cardioplegic arrest-induced ischemia
on the expression levels of UCP2 and UCP3 in the human heart. Cardiac
biopsies from the left ventricle were obtained from patients undergoing
valve replacement surgery with cardiopulmonary bypass. Biopsies were
taken before and 20 or 30 min after the infusion of cardioplegic
solution. UCP2 and UCP3 mRNA and protein expression levels were
determined by quantitative PCR and immunoblot, respectively. UCP3
expression (mRNA and protein) increased during ischemia whereas
UCP2 remained unchanged. Ischemia also induced the phosphoryla-
tion of ATF-1 (active transcription factor 1) and the nuclear accumu-
lation of the antioxidant transcription factor Nrf2 (NF-E2-related
factor 2). Consequently, the mRNA levels of several Nrf2 target genes
were also induced. On the contrary, HIF (hypoxia inducible factor)
sensitive genes did not change. Relative levels of the ﬁve mitochon-
drial OXPHOS complexes were similar before and after ischemia.
Pearson correlation coefﬁcients indicated a positive correlation
between UCP3 and Nrf2. The up-regulation of UCP3 during cardiac
ischemia could represent a cardioprotective mechanism of mitochon-
drial depolarization aimed at limiting ROS production.
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Uncoupling protein 1 (UCP1) is a mitochondrial inner membrane
protein that facilitates heat production in brown adipose tissue and is
central to the process of non-shivering thermogenesis in mammals.
Furthermore, UCP1 has been demonstrated to have the potential to
regulate reactive oxygen containing species (ROS) production by
brown adipose tissue mitochondria. One of the crucial sources of
electrons for the electron transport chain in brown adipose tissue
is via mitochondrial glycerol-3-phosphate dehydrogenase. Mitochon-
drial glycerol-3-phosphate dehydrogenase is part of the glycerol-
phosphate shuttle and links cytoplasmic glycolysis to mitochondrial
oxidative phosphorylation. Interestingly, UCP1 knock-out mice
showed (a) signiﬁcantly increased ( 1.6-fold, pb0.01) oxygen con-
sumption rates in brown adipose tissue mitochondria when respiring
on glycerol-3-phosphate, (b) increased glycerol-3-phosphate dehy-
drogenase enzymic activity (1.6-fold, pb0.001) and (c) increased
abundance of mitochondrial glycerol-3-phosphate dehydrogenase
(3-fold, P=0.003) per unit mass of mitochondria compared to wild-
type controls. Subsequent work will seek to explain the apparent
reciprocal arrangement between lack of UCP1 and increased mito-
chondrial glycerol-3-phosphate dehydrogenase abundance/activity.
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The molecular events that facilitated the evolutionary transition from
ecto- to endothermia in vertebrates are still unknown. The ‘ancient’ Lesser
hedgehog tenrec, Echinops telfairi is considered a ‘protoendothermic’
mammal as it shows ﬂuctuating, ectothermic-like body temperature
patterns. Interestingly, females maintain constantly high body
temperatures (~33 °C) during pregnancy and periods of parental
care, demonstrating regulatory heat production. Thus, understanding
the thermophysiology of this ‘protoendotherm’ may help to elucidate
ancient patterns that led to ‘modern‘(sustained) endothermy.
We searched for, and characterized the molecular basis of NST in
warm (27 °C) and cold (20 °C) acclimated E. telfairi in vivo and
in vitro. Administration of a selective ß3-AR antagonist suppressed
rewarming rates from torpor after cold acclimation, indicating
involvement of adrenergically mediated nonshivering thermogenesis
(NST). Next, morphological analysis revealed a BAT-like depot.
The proton leak of isolated BAT mitochondria could be inhibited by
GDP, suggesting UCP1-dependent proton conductance and, hence,
Abstracts S43
